INTRODUCTION
============

Capsule endoscopy is an effective, simple, painless, automatic method of imaging the mucosa of the digestive tract that has numerous potential applications and an increasing role in digestive pathological examination. However, multiple improvements of the present capsule endoscopy procedures, adapted to the clinical needs of patients, are possible. The present limitations of the procedure include the following: (1) the time required to read capsule films; (2) the difficulty of identifying some lesions, because of either reader limitations or the inability of the capsule to visualize some lesions (lack of sensitivity); (3) the inability of capsule endoscopy to lead to adequate management of identified lesions through histological examination and precise localization of lesions in the small bowel or colon; (4) limited therapeutic capabilities; and (5) Some attempts have been made to resolve these limitations but are currently still under study.

READING TIME AND IDENTIFICATION OF LESIONS
==========================================

The sensitivity of capsule endoscopy for the detection of significant lesions relies on the quality of images, number of images the capsule takes in 1 second, and quality of the reading \[[@b1-ce-49-1-26]-[@b3-ce-49-1-26]\]. The quality of images obtained using capsule endoscopy has improved progressively to being comparable with those obtained using conventional endoscopy. The depth of view and luminosity control improves from one generation to another and for every brand of capsule. The number of images seems to be important for assessing sensitivity, but increasing the number of images or using a double-tip capsule, such as the colonic capsule, leads automatically to an important increase in reading time, which is difficult for physicians, especially in countries such as France, where only physicians are allowed to read capsule films. One solution could be a motion sensor, probably because most failures of capsule endoscopy to identify significant lesions are related to rapid transit of the capsule through some digestive segments. Such motion sensor is already used in the colon Pilcam2 capsule (Given Imaging, Yoqneam, Israel) and in the Capsovision small bowel system (CapsoVision, Saratoga, CA, USA), and has been proven to improve the sensitivity of the colon capsule from 64% to 89% in recent studies \[[@b4-ce-49-1-26],[@b5-ce-49-1-26]\].

The future probably lies in automatic algorithms for specific lesion detection. A highly promising algorithm is the quick-view reading tool of Given Imaging/Covidien (Dublin, Ireland), which proved to allow rapid reading of small bowel capsule films (mean, 11 minutes), with a 93% sensitivity for significant lesions \[[@b3-ce-49-1-26]\]. New algorithms will certainly be developed with a possibility that a computer will propose a series of 5 to 10 diagnoses, from among which the gastroenterologist will simply have to choose the right one \[[@b6-ce-49-1-26]\].

PRECISE LOCALIZATION OF IDENTIFIED LESIONS
==========================================

Only in some cases can capsule endoscopy identify significant imaging findings (e.g., tumors and angiodysplasias) that require treatment or biopsies. This means that at present, a second procedure (balloon-assisted enteroscopy) is necessary \[[@b7-ce-49-1-26]\]. The main difficulty encountered by teams that perform enteroscopy is the localization of lesions within the small bowel and determining their clinical relevance \[[@b8-ce-49-1-26]\]. Lesion location is of major importance to determine the enteroscopy route (oral or anal) and, in some cases, to guide surgeons in finding the lesion(s). Indexes have been developed based on the transit time from the pylorus to the lesion and from the lesion to the caecum, but remain of limited utility in clinical practice \[[@b9-ce-49-1-26]\]. New devices are under study, but no clear data have been published yet that associate some kind of odometer to an endoscopic capsule \[[@b10-ce-49-1-26]\].An informatic algorithm coupled to the capsule film is under evaluation in the Olympus capsule system, but evidence to support its usefulness has not been published yet.

HISTOLOGICAL EXAMINATION
========================

Methods for performing small bowel biopsies during capsule endoscopy have been proposed. Two technical possibilities have been proposed for obtaining histological evaluation of the small bowel mucosa with a capsule: (1) real samples could be obtained through aspiration/cutting or (2) virtual histological images could be obtained by using confocal imaging or optical coherence tomography \[[@b11-ce-49-1-26],[@b12-ce-49-1-26]\]. Moreover, two different strategies of biopsies could be used, (1) either random biopsies all along the small bowel at predetermined intervals or (2) targeted biopsies on specific lesions. The former could be useful in patients with known small bowel ulcerations to differentiate; for example, Crohn disease from lymphoma or other inflammatory/infectious diseases; in patients with chronic diarrhea of unknown origin; and for the surveillance of previously treated lymphomas. The latter represents a challenge in terms of medical time because it is impossible for physicians to stay with their patients throughout the duration of the recording of small bowel images and direct biopsies at specific lesions. However, one can imagine automatic detection of significant images, such as an improved "quick view" algorithm, with targeted real/optical biopsies of these specific images. Considering the major usefulness for clinical practice of small bowel biopsies, these kinds of tools will probably be added at some point in time to the arsenal of capsule endoscopy systems \[[@b13-ce-49-1-26]\].

THERAPEUTICS
============

The major advantage of capsule endoscopy of the small bowel is that it can be performed without human intervention, without pain, and with very low risk of complications. In this setting, introducing a treatment tool represents a difficult challenge. As in a science fiction movie, one could imagine a capsule that could coagulate the classic small bowel angiodysplasia, which represents the main diagnosis based on capsule endoscopic results in patients with anemia and occult overt/obscure bleeding. In order to achieve this, first, capsule endoscopy should be used along with a coagulation tool such as argon plasma coagulation or a type of laser, which would require a great amount of energy and probably a much bigger capsule. Currently, no published study has been conducted on such a tool. However, the main issue would be to direct this kind of treatment during the movement of the capsule to very limited lesions. If we remain in the paradigm of non-human intervention, this necessitates some kind of automatic, highly precise recognition of lesions to be treated. Currently, no informatics algorithm is able to achieve this, although this may change in the future with the improvement of recognition algorithms. However, capsules then would have to be used to treat lesions immediately and in the right direction and location, which appears to be almost impossible at present. For medical intervention in humans, this necessitates that medical personnel stay with their patients for 3 to 7 hours during capsule advancement in order to treat detected lesions under a real-time viewer. Attempts toward this have been made in animal models by using hemostatic clips under human control \[[@b13-ce-49-1-26]\]. Thus, an efficient and targeted treatment would probably require a capsule controlled from the outside to turn and move it forward and backward. This requires major improvement of capsule control that is far beyond our present capabilities.

SITES OTHER THAN THE COLON AND SMALL BOWEL
==========================================

Esophageal capsule endoscopy has been shown to be feasible under specific conditions, including patients in a lateral lying position when swallowing the capsule. The frequently encountered difficulty is the quick passage of the capsule within the cardia, the main site of interest for two different indications, namely Barrett's esophagus and portal hypertension. This explains its limited sensitivity for Barrett's esophagus of only around 77% in a published meta-analysis of 618 patients \[[@b14-ce-49-1-26]\]. The detection rate of epidermoid neoplastic lesions of the esophagus by using capsule endoscopy has been shown to be limited \[[@b15-ce-49-1-26]\]. New studies that take advantage of the possibility of capsule external control using a magnet would be of interest. This may be a solution for improved examination of the whole esophagus, specifically the lower esophagus.

Gastric examination using capsule endoscopy has been attempted by either simple swallowing or patient mobilization, by using a complex device similar to a magnetic resonance imaging (MRI) system \[[@b16-ce-49-1-26]\], and more recently, by using an external magnetic control in healthy volunteers \[[@b17-ce-49-1-26]\]. However, difficulties are encountered in this setting. First, without specific measures, it is rather difficult to identify all important gastric landmarks, specifically the cardia. In a recent study, a nasogastric tube was inserted to help identify the cardia. Second, spontaneous transit time can be short in some parts of the stomach but long in others parts. External control by using MRI or a simple magnet may improve this situation. Third, the resolution of the capsule images is currently significantly lower than that of typical endoscopic images. This is important, as the main objective of gastric examination in the modern setting is to identify at-risk patients for whom surveillance (for atrophic gastritis and intestinal metaplasia) would be recommended.

The cost of capsule endoscopy will be an important factor regarding the potential development of upper digestive capsule endoscopy. At present, capsule endoscopy is significantly more costly than gastroscopy in some countries such as France. Thus, the balance between sensitivity, quality, simplicity, and cost is highly in favor of conventional endoscopy despite the expected much better patient tolerance and acceptability of capsules.

CAPSULE BEDSIDE ENDOSCOPIC IMAGING
==================================

Evaluating the motility of the small bowel by using capsule endoscopy is an interesting possibility. Different approaches may bring important clinical insight into a relatively unknown area. Clinical indications are rare and specific, such as severe digestive tract motor dysfunction, but the benefits could be significant if therapeutic interventions could be proposed in the future for patients with irritable bowel syndrome. One possibility is the use of the pressure sensors recently developed by Covidien/Given Imaging that can indicate the intensity and site of small bowel contractions. The other possibility is to estimate small bowel motility according to capsule motion and imaging speed, which is possible by using the motion sensor already present in some capsule systems such as Given Imaging/Covidien and CapsoVision \[[@b4-ce-49-1-26],[@b18-ce-49-1-26]\]. Both approaches are in their preliminary stages, and the results of ongoing studies in different patient populations are awaited in order to make conclusions.

CONCLUSIONS
===========

Given its availability and simplicity, capsule endoscopy may remain a powerful diagnostic tool for screening and evaluation of numerous pathological conditions, and may progressively replace diagnostic endoscopy. Cost is the main barrier to the rapid development of capsule endoscopy in this setting. We can consider that improved imaging, resolution and lighting, and field of view, and the development of tools for locating small bowel lesions are the more important goals in the development of capsule endoscopy for clinical purposes and generalized use with a diagnostic intent. Histological analysis and treatment driven by findings obtained by using capsule endoscopy represent much more complex challenges. Thus, it may take a long time before capsule endoscopy can become feasible and clinically applicable.
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